4-Methyl-N-(3-methylbut-3-enyl)-N-{4-[(2-methylprop-3-enyl)(toluene-4-sulfonyl)amino] but-2-ynyl}benzenesulfonamide (1b).
To a CH 3 CN (10 mL) solution of 4-methyl-N-(3-methylbut-3-enyl)benzenesulfonamide 3 (0.255 g, 1.07 mmol) was added K 2 CO 3 (0.148 g, 1.07 mmol). The resulting mixture was stirred at room temperature for 30 min. 4 (0.300 g, 0.97 mmol) was added, and the resulting mixture was stirred at 80 °C for 16 h. The reaction was quenched with water and extracted with EtOAc. The organic layer was washed with brine, dried over Na 2 SO 4 , and concentrated. The residue was purified by silica gel column chromatography (hexane/EtOAc = 10:1), which furnished 1b (0.450 g, 0.874 mmol, 90% yield) as a colorless solid. 
N-(4-Chlorobut-2-ynyl)-4-methyl-N-(2-methylprop-2-enyl)benzenesulfonamide

4-Methyl-N-[4-(2-methylallyloxy)but-2-ynyl]-N-(3-methylbut-3-enyl)benzenesulfonamide (1c).
This compound (0.584 g, 1.62 mmol, 76% yield) was prepared from 4-(2-methylallyloxy)-2-butyn-1-ol 2 (0.300 g, 2.14 mmol) and 4-methyl-N-(3-methylbut-3-enyl)benzenesulfonamide 3 (0.562 g, 2.35 mmol) by the procedure described for 1b. 6 (0.300 g, 1.14 mmol) was added dropwise and the resulting mixture was stirred at room temperature for 16 h. The reaction was quenched with water and extracted with EtOAc. The organic layer was washed with brine, dried over Na 2 SO 4 , and concentrated. The residue was purified by silica gel column chromatography (hexane/EtOAc = 20:1), which furnished 1d (0.353 g, 0.862 mmol, 76% yield) as a yellow solid. 
1-(3-Allyloxyprop-1-ynyl)-2-(2-methylallyloxy)benzene (1g).
To a solution of 1-iodo-2-(2-methylallyloxy)benzene 5 (2.00 g, 7.3 mmol) in i-Pr 2 NH (40 mL) were added PdCl 2 (PPh 3 ) 2 (103 mg, 0.147 mmol) and CuI (55.7 mg, 0.292 mmol). Propargyl alchol (0.409 g, 7.30 mmol) was added dropwise and the resulting mixture was stirred at 60 °C for 16 h. The reaction was quenched with water and extracted with EtOAc. The organic layer was washed with brine, dried over Na 2 SO 4 , and concentrated. The residue was purified by silica gel column chromatography (hexane/EtOAc = 20:1), which furnished 3-[2-(2-methylallyloxy)phenyl]prop-2-yn-1-ol (1.02 g, 5.05 mmol, 69% yield) as a colorless oil.
To a THF (20 mL) solution of 3-[2-(2-methylallyloxy)phenyl]prop-2-yn-1-ol (0.400 g, 2.00 mmol) was added NaH (0.576 g, 2.40 mmol) at 0 °C, and the resulting mixture was stirred at room temperature for 30 min. 3-Bromopropene (0.363 g, 3.00 mmol) was added, and the resulting mixture was stirred at room temperature for 16 h. The reaction was quenched with water and extracted with EtOAc. The organic layer was washed with brine, dried over Na 2 SO 4 , and concentrated. The residue was purified by silica gel column chromatography (hexane/EtOAc 
S5
1-Allyloxy-2-[3-(2-methylallyloxy)prop-1-ynyl]benzene (1h).
This compound (0.452 g, 1.87 mmol, 68% yield) was prepared from 1-allyloxy-2-iodobenzene 9 (0.853 g, 3.28 mmol) and 2-methyl-3-prop-2-ynyloxypropene 10 (0.300 g, 2.73 mmol) by the procedure described for 1d. [2-(2-Methylallyloxy)phenyl]propynoic acid 2-methylallyl ester (1i). To a CH 3 CN (20 mL) solution of 3-(2-hydroxyphenyl)propynoic acid 11 (0.400 g, 2.47 mmol) was added K 2 CO 3 (0.683 g, 4.94 mmol), and the resulting mixture was stirred at room temperature for 30 min. 3-Bromo-2-methylpropene (0.367 g, 2.72 mmol) was added, and the resulting mixture was stirred at room temperature for 16 h. The reaction was quenched with water and extracted with EtOAc. The organic layer was washed with brine, dried over Na 2 SO 4 , and concentrated. The residue was purified by silica gel column chromatography (hexane/EtOAc = 20:1), which furnished 1i (0.523 g, 1.93 mmol, 78% yield) as a yellow oil. 2 ]BF 4 (4.1 mg, 0.010 mmol) at room temperature, and the solution was stirred at room temperature for 5 min. H 2 (1 atm) was introduced to the resulting solution in a Schlenk tube. After stirring at room temperature for 0.5 h, the resulting solution was concentrated to dryness and the residue was dissolved in (CH 2 Cl) 2 (0.5 mL). To this solution was added a (CH 2 Cl) 2 (1.5 mL) solution of 1b (102.9 mg, 0.200 mmol). The solution was stirred at 80 °C for 3 h. The resulting solution was concentrated and purified by preparative TLC (hexane/EtOAc = 2:1), which furnished the mixture of 2b and 3b [102.9 mg, 0.200 mmol, >99% yield, 2b/3b = 1:2.4, 4% ee (2b), 99% ee (3b)] as a colorless oil. -4-sulfonyl)-2,3,3a,4,5,5a,6 3a,5a-Dimethyl-7-(toluene-4-sulfonyl)-3,3a,4,5,5a,6,7,8-octahydro-1H-2-oxa-7 Dimethyl-8-(toluene-4-sulfonyl)-1,3,3a,4,5,5a,6,7,8,9-decahydro-furo[3,4-h (3aR,5aS)-(+)-3a,5a-Dimethyl-8-(toluene-4-sulfonyl)-1,3,3a,4,5,5a,6,7,8,9-decahydro-furo[  3,4-h]isoquinoline [(3aR,5aS)-(+)-3c, Table 1, entry 2, 75% yield, >99% ee] . 
3a,5a-Dimethyl-2,8-bis-(toluene
(+)-
